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INFECTIOUS DISEASES  VIROLOGY

Anopheles gambiae complex mosquitoes comprise different morphologically identical species 
and the most medically important malaria vectors in Africa. Understanding An. gambiae complex 
mosquitoes’ mating behaviour is a clue for prevention and control of malaria. The factors affecting 
the mating behavior of An. gambiae complex are age, body size, food fi nding, type of food, host 
availability and environmental temperature. 

An. gambiae complex passes through different and unique mating strategies. The fundamental 
mechanisms underlying mating behavior of An. gambiae complex are male aggregation before 
copulation which is called swarming, fi nding female and insemination. Male in the swarm detects 
the wing beat of female with which he mates by auditory system. The wing beat frequencies of 
opposite sex of the same genetic form simply harmonize indicating possible hybridization while that 
of different genetic forms do not harmonize. The successive mating behavior of female An. gambiae 
mosquitoes includes, locating a male among the swarm for cupola, friend selection and storage of 
sperm.

Successful female An. gambiae complex mosquitoes mating is accomplished by host seeking, 
blood feeding and digestion, egg development and oviposition. The sequential process of host fi nding 
and blood feeding followed by blood digestion and simultaneously egg maturation and accomplished 
by searching of oviposition site and oviposition is referred to as gonotrophic cycle. 

The time period between two successive blood feedings or two successive ovipositions is 
said to be gonotrophic period. The length of gonotrophic period depends on temperature, number 
of previous gonotrophic cycle, host and breeding site availability. In addition to population net 
reproduction of the colony, gonotrophic cycle is also used to estimate female mosquitoes’ age by 
determining the parity. 

Finally, understandings of mating behavior and gonotrophic cycle of An. gambiae complex 
mosquitoes help in malaria vector control strategies and their vector competence.

ABSTRACT

INTRODUCTION
The Anopheles gambiae sinsu lato which comprises about eight morphologically 

indistinguishable sibling species [1] includes the most important malaria vectors in 
Africa [2,3]. An. gambiae complex mosquitoes have diff erent physiological behaviors 
which determine their mode of existence, reproduction, evolution and even their 
vector competence. Of these physiological mechanisms, reproduction is a key for 
perpetuation of life. An. gambiae complex have diff erent mating behaviors which 
is specifi c to each sex and sibling species [4]. They undergo sexual reproduction 
for perpetuation of life and population multiplication [5], thus, this portion of 
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An. gambiae complex biology should receive the highest 
attention for mosquito control and malaria interventions 
strategies. 

An. gambiae complex mosquitoes undergo specifi c 
behavioral mechanisms of mating which are unique for male 
and females. Optimal mating is accomplished after sexual 
maturity of male that takes few days after emergence [6]. 
Swarming in male, swarm locating behavior in females and 
friend selection are among mechanisms underlying mating 
behaviors of An. gambiae complex mosquitoes. Male auditory 
system is very important in mating for identifi cation of 
female wing beat frequency and species recognition [7,8]. 
Accordingly, if the same molecular forms of An. gambiae 
complex mosquitoes of opposite sex are seeking for mate 
and near to one another, their wing-beat frequencies will 
be in a harmonic tone. On the other hand, diff erent sibling 
species of the complex simply do not harmonize [9]. Thus, 
An. gambiae complex mosquitoes of diff erent genetic forms 
do not interbreed and give fertile off spring under normal 
condition.

Factors aff ecting mating in An. gambiae s.l. include 
maturity or age, body size, fi tness, food type and food 
fi nding ability [10,11]. After successful mating, reproduction 
is guaranteed by three successive biological phases or 
Beklemischev’s phases [12,13]. Over all process in which 
female search host, feed, digest blood, develop and lay eggs 
is called gonotrophic cycle [14]. The length of gonotrophic 
period is infl uenced by temperature, gonotrophic history of 
the female mosquitoes and presence of host and oviposition 
site [15,16]. 

Finally, gonotrophic cycle knowledge of An. gambiae 
complex mosquitoes is used to estimate the age structure 
which is a key for determination of fecundity and vectorial 

capacity of female mosquitoes by determination of number 
of parity [17].

Anopheles gambiae complex mosquitoes

Malaria is one of the most severe diseases with globally 
about 300 to 500 million cases and one million deaths 
reported to date, 90% of which were reported from Sub-
Saharan African countries [18].

In 2019, an estimated 229 million cases of malaria 
occurred worldwide, resulting in 409,000 deaths. According 
the latest information of WHO in 2021 (Figure 1) the 
indigenous cases in diff erent parts of the world increased. 

Among other mosquito species, Anopheles gambiae 
complex has been described as the most medically important 
insect in the world, accounting for the majority of malaria 
cases and deaths in African [19] (Figure 2). 

An. gambiae complex is in the genus Anopheles mosquitoes 
with at least eight morphologically indistinguishable sibling 
species [1,20]. An. gambiae complex also subdivided into 
diff erent molecular forms based on specifi c DNA nucleotide 
diff erence leading to diff erent chromosomal inversion 
arrangements and further divisions [21]. The complex 
includes the two morphologically indistinguishable, 
sympatric and medically important vectors (An. arabiensis 
Patton and An. gambiae sensu stricto) of malaria in tropical 
and subtropical Africa [3,22].

The other three sibling species of An. gambiae complex 
(An. melas, An. merus and An. bwambae) are minor malaria 
vectors because of their limited distribution. An. melas 
distributed in western while An. merus in eastern coastal 
mangroves of Africa [5]. An. merus are also local in South 

Figure 1 Countries with indigenous cases in 2000 and their status by 2020 (WHO, 2021).
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Africa, and the third An. bwambae, in Semliki Forest of 
Uganda [23]. Anopheles quadriannulatus species A and B (also 
called An. amharicus), documented from the south and east 
Africa respectively, however, they cause no sever threat to 
public health, owing to zoophily [19,21]. Moreover, though 
their medical importance is not well documented, taxa 
on the island of Grande Comore in the Indian Ocean were 
described as a distinct species, An. comorensis, on the basis of 
morphological characters [24].

Except An. quadriannulatus A co-occur with An. merus 
in South Africa, these minor malaria vector subspecies are 
mutually allopatric but their ranges overlap those of An. 
gambiae s.s. and An. arabiensis [2]. However, both major 
malaria vectors (An. gambiae s.s. and An. arabiensis) are 
extensively sympatric and widespread in Africa [22,25]. 
Furthermore, An. gambiae s.s. is tentatively split in to 
fi ve taxonomic units designated by informal zoological 
nomenclature as chromosomal forms Forest, Bissau, 
Bamako, Savannah and Mopti. Concerning their ecology, the 
Forest and Bissau chromosomal forms exist in humid and 
coastal areas of West Africa and the other three molecular 
forms (Bamako, Mopti and Savannah) are more adapted 
to dry environments and often sympatric overlapping 
distribution of An. arabiensis, the second most anthropophilic 
member of the complex [26]. 

Mating behavior in the Anopheles gambiae complex 

The knowledge of Anopheles gambiae complex 
mosquitoes’ mating behavior is central to successful 

malaria vector control strategies. However, concerning An. 
gambiae complex mosquitoes’ mating strategies, there are 
unanswered questions and related issues waiting for eff orts 
of mosquito biologists. Those unaddressed issues include, 
how mates are acquired, how many mates an individual has, 
which individual they mate with and what diff erence exist 
among sibling species, sexes and diff erent population in the 
same species.

A central issue of this review includes reproductive 
isolations, post mating behavior as well as sex specifi c 
diff erences that infl uence reproductive success and fi tness 
which aff ect mosquitoes control strategies and vector 
competence either positively or negatively. A data about 
mating behavior of An. gambiae complex that reviewed in 
this paper includes signs of mating, means of sperm transfer, 
refractory behavior, sexual complexity, multiple mating 
and female behavior post mating (gonotrophic period). 
Understanding such biological mechanisms may help the 
stakeholders to design control and prevention strategies of 
malaria vectors. 

Moreover, understanding mating biology of An. gambiae 
complex species are important in designing the latest 
technology-based vector control strategy so called sterile 
insect technique. This is fi rstly, to recognize the cause 
of complex patterns of reproductive isolation in closely 
related molecular forms and chromosomal inversion of 
the mosquitoes that do not hybridize even though they 
occur in the same mating swarms. Secondly, to examine the 
effi  ciency of using Genetically Modifi ed Mosquitoes (GMM) 

Figure 2 Global distribution of malaria vectors.
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to control natural populations of those afrotropical malaria 
vectors.

The fundamentals of reproduction which is assurance 
for persistence of life are pre-mating courtships and post 
mating behaviors. Male An. gambiae complex mosquitoes 
undertake specifi c pre mating strategies like swarming [27], 
identifi cation of female wing beat frequency, swarm locating 
and friend selection by female [8,9]. Moreover, behavioral 
physiology like transfer of a male accessory gland protein 
with seminal secretion which makes the female refractory 
to successive mating and that at the same time induces 
oviposition and host seeking behavior occur in An. gambiae 
complex. Therefore, An. gambiae complex male accessory-
gland substances encourage a change in female sexual 
behavior increasing their vector competence [28]. 

Sexual maturity of Anopheles gambiae complex 
mosquitoes 

Male An. gambiae complex mosquitoes require few 
to several days to be matured before a fi rst successful 
copulation and insemination under natural condition [29]. 
For instance, in the major afrotropical malaria vectors, An. 
gambiae Giles s.s. and An. arabiensis Patton optimal mating 
and successful transfer of sperm occurs within 5-7 days old 
males. Regarding sexual maturity, male An. gambiae complex 
mosquitoes’ reproductive organs require a morphological 
change. Consequently, the newly emerged males are not 
sexually matured for mating [7,30].

Successful mating in male An. gambiae complex 
mosquitoes may be accomplished after the maturity of 
genitalia and accessory glands within the fi rst two days after 
emergence from the pupae stage [31]. Accordingly, external 
and internal reproductive organs and accessory glands 
maturity are a precondition for achievement of complete 
transfer of sperm in to the female body and successful 
insemination. In other case, males may mate at an earlier 
age, but sperm may not be successfully transferred in to the 
female body.

Though female An. gambiae complex mosquitoes are 
sexually ready for mating almost as soon they emerged 
from the pupal cases, mostly they prefer to fi nd food rather 
than mate to acquire energy [32]. Immediately after female 
An. gambiae complex mosquitoes emerged from pupae, she 
activates herself for sexual maturity. Accordingly, even 
though it is based on body size, a nuptial fl ight is one of the 
fi rst activities of the newly emerged female mosquitoes. 
However, mostly there is a 24-48 hour time lag between 
emergence and mating. After emergence, females rest 
until the next evening regardless of body size. Most of the 
female An. gambiae complex, particularly, larger females, 
then mate at sunset prior to host seeking [33]. However, the 
smaller females mate on the second night of emergence, 
after having blood fed on the previous night. On the third 

night after emergence all An. gambiae complex females are 
assumed to have mated [34]. 

The other mate behavior of female An. gambiae complex 
mosquitoes is swarm navigating technique for mating. 
Females fl y into male swarms and the males detect their own 
species and even molecular forms by wing beat frequency 
[8,9]. According to some suggestions, female mosquitoes 
swarm fi nding is directed by olfactory signal. Possibly, in 
addition to olfactory cues, may be aided by the same visual 
cues that guide females to swarming sites. Among the several 
males that may arrive near the female from the swarm she 
validates one male by species specifi c attractive chemicals. 
After ratifi cation of one male as a friend responding by 
attractive pheromones, the female departs in copula with 
him [22]. 

Finally, successful mating will be gone over by insertion 
of male external reproductive organ called aedeaguse/penis 
in to female reproductive organ, followed by ejaculation/ 
sperm transfer. After copulation, the female stores sperm 
in a spermatheca, so that at each successive oviposition the 
eggs can be fertilized during their transport from production 
site, ovaries to oviduct [8,35]. 

The main scientifi c gap that this review hints is although 
the body size and age of the male mosquitoes may be taken in 
to account as the criteria, the method by which female select 
a male of the same species and molecular form is not clearly 
understood. Therefore, biological factors that aid female 
An. gambiae complex to locate male swarms and criteria for 
friend selection need advanced investigation. 

Swarming behavior of male Anopheles gambiae 
complex mosquitoes 

Swarming is the most unique behavior of mating in many 
sexually matured male anophelines. In general, it is accepted 
that anopheline male mosquitoes aggregate in swarm before 
mating [36]. Male mosquitoes form aggregates/swarms of 
variable and mostly large size in the air, around a marker, 
which make a contrast with the background [27]. It is 
assumed that distinct features in the landscape combined 
with visual inputs (light contrasts) serve to detect so called 
swarm markers that are used to keep the swarm stationary. 
Some markers are visited regularly while others visited only 
once.

 In male swarming, display territories do not hold 
resources attractive to females other than the males 
themselves; hence it is assumed that females visit the 
group for copulation only. Generally, swarming systems are 
characterized by (a) male clustering; (b) no male parental 
care; (c) no resource on the territory; (d) fi ghting over male 
territories; (e) females mate choice; and (f) in many cases, 
stability of swarm location over time [27,36]. 

Copulation is frequently followed by these swarms/ 
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aggregations. After male mosquitoes aggregate, the females 
locate and fl y into the aggregation [37] then she will be 
distinguished by her wing beat frequency and mate with 
male of her choice [8,38,39]. Though numerous males may 
arrive near the female An. gambiae complex mosquitoes at 
the same time, she departs in copula with only one [27]. The 
swarming system has stimulated much interest over the 
years but the biological factors determining the swarming 
activity is still not well understood that this seminar 
paper recommends advanced investigation and eff orts of 
researchers.

Mate locating behavior of Anopheles gambiae  
complex mosquitoes

Male An. gambiae complex mosquitoes are known to 
locate and identify females for mate by auditory sense 
(sound) [8]. The male auditory organ acts as an audio fi lter 
for female fl ight tones [38]. Audition is performed through 
the mosquito’s highly developed antennae. As illustrated in 
fi gure 1, antenna consists of three main parts. The fi rst part 
of antennae is fl agellum which emerges from the pedicel 
that attached to the head via the scape. The second part is 
pedicel that houses the Johnston’s organ responsible for 
audition and the third is Johnston’s organ which contains 
around 16,000 and 7,500 scolopophorous sensory cells in 
males and females mosquitoes respectively [37]. 

Female wing beat sound causes the male fl agellum 
to oscillate and move as a rigid body with no bending or 
twisting [39]. These sound induced oscillations are detected 
in the pedicel causing neural activity to send a message to 
the brain. This neural activity is particularly interesting 
as not only it does detect the oscillations of the fl agellum, 
but it also acts as an actuator, amplifying the motion of the 
fl agellum and causing the antennal response to be nonlinear 
[37]. 

Male and female antennae diff er, as shown in fi gure 3, 
where the male antenna is on the right and the female on 
the left. The male antennae have far more setae compared to 
that of female, which are the bristle or hair like structures. It 
has been identifi ed that sounds act on the setae are passed 
to the fl agellum then to the Johnston’s organ. Therefore, 
more setae are benefi cial as they increase the antennal 
surface area [37]. Audition is, therefore, very important in 
An. gambiae complex mosquitoes’ reproduction and even for 
species recognition [8].

In natural condition, females are attracted to the male 
swarms in the same markers [8,37]. When a male detects the 
fl ight tone of a female, he follows her by focusing the source 
of fl ight tone using auditory organ. The fi nal stimulus for 
mating is attractive chemicals secreted by the females that 
are sensed by a male antenna when he makes contact with a 

Figure 3 Structure of the mosquito antenna. The antennae consist of the fl agellum (fl ), setae (s), pedicel (p) and scape (sc). 
A) Antennae of the male mosquito. 
B) Antennae of the male (right) and female (left) mosquito. 
C) Cross section of the pedicel (pd). The fl agellum (fl ) is attached via the basal plate (bp) and prongs to the scolopidia (sc). The pedicel contains 16,000 sensory 
cells in males and many mitochondria (mt) [37].
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female. This is followed by the formation of mating copula 
[8]. However, there are investigation gap related to criteria 
of the male choice chemical attractant-based friend request 
confi rmations of females. As a result, this paper suggests 
researchers of the area to be orchestrated to explore such 
mating behavior. 

Multiple mating of female Anopheles gambiae 
complex mosquitoes

As studies on genetic exchange between diff erent 
mosquitos’ species are important with regard to population 
genetics and behavior, the extent of multiple mating needs 
to be considered as well. Under natural condition, female An. 
gambiae complex mosquitoes multiple mating (polygamy) 
and successive insemination are relatively rare. It was 
reported that some fi eld-collected female An. gambiae s.s. 
had been inseminated by at least two diff erent males, 
while higher percentage had mated with males of their 
own chromosomal form [38,40]. However, fi eld studies 
concerning polygamy are rare and not well documented 
that this review recommends further studies for full 
understanding of multiple mating.

Mating complexity and species recognition

Morphologically, An. gambiae s.s. and An. arabiensis 
sibling forms are indistinguishable and sympatric/ co-occur 
in many overlapping geographical areas of sub- Saharan 
Africa [25]. However, regarding the mate complexity of 
those mosquitoes, hybridization between those sympatric 
and major afro-tropical malaria vectors is thought to be 
extremely rare and male sterility occur as post mating 
barriers to hybridization [4,8]. As fertile F1 hybrids are 
more or less not detected, important pre-mating isolating 
mechanisms exist between these species, which related 
to wing length diff erence leading to wing beat frequency 
diff erence [41]. Nevertheless, post-mating isolating 
mechanisms are incomplete, because F1 hybrid females 
are fertile and potentially make possible interspecifi c gene 
exchange [22]. Therefore, the F1 hybrid female’s fertility 
results in formation of new mosquito species which could be 
either insecticide resistant strain or the most vulnerable to 
insecticide. 

In comparison to hybridization between An. arabiensis 
and An. gambiae s.s. though they are mostly allopatric 
hybridization between M and S molecular forms of An. 
gambiae s.s. is thought to be more common at least in some 
areas of Africa and no post mating barriers to reproduction 
have been identifi ed [38]. According to the authors’ analysis, 
sperm collected from the spermathecae of mated females 
using genetic markers are mostly of single male of similar 
genetic makeup. The result of study suggested that members 
of the An. gambiae complex possess reliable mating with 
individuals of similar sibling species and molecular form. 

Moreover, according to Gibson, et al. [8], though the M 
and S forms of A. gambiae s.s. coexist, F1 hybrids of the two are 

very rare; indicating that they do not usually interbreed may 
be due to some pre-mating segregation. The investigators 
captured mosquitoes of opposite sex of both forms and glued 
them to the ends of pins in the laboratory to detect wing beat 
frequency that may aid the insect for sibling species specifi c 
mate (Figure 4). 

The insects continued to beat their wings at frequencies 
close to what they do during free fl ight. The team then 
measured the wing beat frequencies using a microphone 
both during alone and in combination with potential mates. 
As males of both M and S forms of An. gambiae s.s. are slightly 
smaller than females of respective forms, and they fl y with 
a higher wing-beat frequency of about 690 hertz, compared 
with females' 460 hertz. As shown in fi gures 4A,B, M form 
mosquitoes beat their wings slightly faster than S forms 
regardless of their sexes [8]. Accordingly, if the same forms 
of An. gambiae s.s. mosquitoes of opposite sex are near to 
one another, the two insects would settle on wing-beat 
frequencies that together produced a harmonic tone (Figures 
4C,D). However, as illustrated in fi gures 4E,F diff erent forms 
of those mosquitoes simply do not harmonize. Female An. 
gambiae s.s. wing beat frequency harmonizes with the wing 
beat of the same genetic form male in the swarm which the 
male detects by auditory system. 

Generally, An. gambiae complex mosquitoes of diff erent 
genetic forms do not interbreed under normal condition. 
Finally, the investigators concluded saying "It's like two 
singers trying to harmonize with each other; and if one 
goes sharp or fl at the other one goes with the other so they 
sound the same." Finally, though wing size is considered, 
tangible investigations on pre-mating isolation between 
complex species and molecular form are forwarded to be 
given priority.

A-F Spectrograms (reconstructed from digitized 
fundamental frequencies) of fl ight tones with harmonics 
of males (blue) and females (red) with periods of frequency 
matching (gray male, green female). (A) & (B) the same 
form pairs of M form (A) and S form (B) mosquitoes, 
showing extended frequency matching when the female’s 
third and the male’s second harmonics converge, at a ratio 
between their fundamental wing-beat frequencies of 3:2. 
(C) & (D) expanded views of 4s of the spectrograms of A 
and B, respectively, showing periods of frequency matching 
between the female’s third and the male’s second harmonics 
of their fl ight tones. (E) & (F) mixed form pairs of S-female 
with M-male (E) and M-male with S-female (F), showing 
only particular periods of frequency matching between 
harmonics. The ratio between their fundamental wing-beat 
frequencies does not stabilize at a harmonic-based value.

Factors affecting mating behavior in Anopheles 
gambiae  complex mosquitoes

Factors aff ecting mating success of male An. gambiae 
complex include body size, age and effi  ciency of fi nding 
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Figure 4 Auditory interactions between tethered-fl ying A. gambiae complex mosquitoes.

food sources. The body size of male An. gambiae complex is 
creating controversial conclusion among many researchers 
whether it has infl uence on mating or not. According to 
Huho, et al. [42] and Maiga, et al. [11], larger males of An. 
gambiae s.s are more successful in mating than the smaller 
one. Indeed, basic mating systems characterized by male 
territoriality in swarm cause males fi ghting over territory to 
be in copula with the incoming females [27]. Consequently, 
in such mating system big body size males are profi table.

However, according to literatures reviewed by Ng’habi, 
et al. [43], intermediate-sized males of the same species are 
selected in mating more often than the smallest and largest 
ones. The grounds that intermediate size males mate more 
often than others are related to the activities that they are 
more agile in fl ight and can make contact with females more 
quickly and easily.

Age is another factor aff ecting copulation and successful 
insemination in male An. gambiae complex [29]. Indeed, little 
is known about the age at which male engages in swarming, 
but their need to mature their reproductive organs before 
being able to mate prevent them from successfully engaging 

in reproductive behavior in the fi rst few days of their 
life. Males need biological development of internal and 
external reproductive organ that younger males are unfi t 
for mating and successful insemination. First, inversion 
of the terminalia takes place within a day post emergence. 
Moreover, maturation of accessory glands needs another 
1-2 days [11]. 

In laboratory study, a maximum mating activity and 
insemination rate were observed in 5-7 days old male (An. 
gambiae s.s. and An. arabiensis) when off ered with virgin 
female for 24 hrs period [31]. This period is likely to be 
shorter under fi eld condition; most males are likely to engage 
in mating activity two days after emergence. Females that 
mate with males that are 2-3 days old may be more likely 
to oviposit than if they mate with the youngest and oldest 
males [10,31,35]. Though fi tness and strength are assumed 
[29], the reason why the too old male mosquitoes are not 
selected is not known. 

In An. gambiae complex mosquitoes, nutritional reserves 
gathered during larval development and from sugar they 
feed from plants during adult stage are critical determinants 
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of adult survival and mating success. Such nutrition is lipid, 
primarily acquired during development of larvae and adults 
essential for long-term maintenance. Glycogen derived from 
sucrose or its components fructose and glucose, obtained 
from plants is required for fl ight which is a prerequisite for 
mosquitoes mating. Finally, a wide-ranging study on energy 
variation levels of An. gambiae complex mosquitoes taken 
at diff erent physiological states would estimate energy 
allocated to fundamental activities like swarming and 
mating [43].

Body size, age and food fi nding ability are some of the 
factors infl uencing mating behavior of female An. gambiae 
complex mosquitoes. Perhaps, due to storage of large 
number of eggs, body sized females have an advantage in 
mate selection; larger females of An. gambiae complex being 
preferentially selected for mating [11]. 

Unlike males age is not signifi cant factor aff ecting mating 
physiology of female An. gambiae complex mosquitoes. 
Most female An. gambiae complex mate at their earlier age, 
particularly, on the next evening regarding their body size 
[11,32]. The other factor aff ecting female mating behavior 
is food fi nding. Before mating, many of them may imbibe 
nectar or other carbohydrate sources, most probably to 
acquire an energy reservoir for fl ying and mate fi nding [31].

Gonotrophic cycle of Anopheles gambiae  complex 
mosquitoes

Female An. gambiae complex mosquitoes require 
blood-meal which provides nutrient for maturation and 
development of eggs in ovaries [13]. The blood taken 
from the host will be digested; the eggs will become 
maturing following the completion of blood digestion. 
After maturation of eggs, the gravid female will be ready 
to search for a suitable habitat to lay her eggs. This process 
of searching, feeding and digesting blood, egg maturation 
and breeding site fi nding followed by oviposition is referred 
to as the gonotrophic cycle. Gonotrophic cycle is repeated 
several times throughout the female’s life. The time between 
blood meal and oviposition is called gonotrophic period. 
Consequently, blood feeding and oviposition alternate 
regularly [14]. 

Biological phases of gonotrophic period

Throughout the female An. gambiae complex mosquito's 
life, the gonotrophic cycle will be repeated several times 
and accomplished in three diff erent successive biological 
phases (Beklemischev’s phases) [12] namely: (i) the search 
for a host and blood-feeding, (ii) blood digestion and egg 
maturation and (iii) the search for a suitable egg laying 
site and oviposition. Therefore, gonotrophic cycle duration 
may be defi ned as the time interval between two successive 
blood-meals or the time interval between two consecutive 
acts of egg-laying [13].

The search for host and blood-feeding

If the populations of all species of insects that transmit 
infectious pathogens to humans are taken into account, 
mosquitoes easily cause more human suff ering than any 
others. The major vectors for transmission of malaria 
parasites are the afro-tropical mosquitoes, An. gambiae 
complex, causally linked to the requirement of a blood meal 
by females to complete their gonotrophic cycle [11]. 

Like most other blood feeding insects, female An. gambiae 
complex mosquitoes fl y at dusk or more usually at night 
looking for food for her progeny. The time of visiting is when 
host are most quiescent and least able to defend themselves 
from bites, making An. gambiae complex mosquitoes one of 
the medically important insect vectors. The females require 
blood meals to mature their eggs. Regarding host preference, 
though they favor cattle’s blood, female An. arabiensis 
mosquitoes are opportunistic feeders. However, Anopheles 
gambiae s.s. preferentially feeds on human host [13].

Those insects detect and discriminate volatile odorants 
by means of Olfactory Receptor Neurons (ORN) [44]. The 
sensory physiology of these insects is tuned to locate host 
mainly by olfactory cues. The Odorant-Binding Protein 
(OBP) in An. gambiae complex is hypothesized to help 
female's search for vertebrate hosts. Furthermore, female 
An. gambiae complex respond carbon dioxide gradients, 
sweat odorants and other chemicals emanate from the host 
using sensory receptors [45]. In these insects the majority of 
sensory structures are situated in sensory structures called 
olfactory sensilla that found on the antennae while much 
lower numbers of them are located on the other two olfactory 
appendages, (the maxillary palpis and the proboscis). 

Blood digestion and egg maturation

In the freshly fed An. gambiae complex female, the 
abdomen is almost entirely fi lled with blood, but quite 
rapidly followed by maturation of eggs and a substantial 
increase of the volume occupied by the ovaries (Figure 
3). Blood digestion starts rapidly and completed in about 
40 hours depending on temperature [11]. As reviewed by 
Charlwood, et al. [34] a major characteristic in the digestion 
process is the development of a peritrophic membrane, 
which progressively surrounds and squeezes the blood. 
Depending on amount, relative position of blood and 
developing ovaries, blood fed female An. gambiae complex 
mosquitoes can be defi ned as empty, fed, half gravid and 
gravid (Figure 5). 

 As demonstrated in fi gure 3, followed by a blood-meal the 
empty, female mosquito’s abdomen is expanded and become 
bright red in colour, but after some hours the abdomen turn 
out to be a much darker red. Finally, the abdomen becomes 
whitish posteriorly and dark reddish anteriorly as the blood 
is completely digested and eggs developed in ovaries.
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Search for a suitable site and oviposition

According to Charlwood, et al. [34], the ovaries develop 
simultaneously with blood-meal digestion, resulting in the 
maturation of a batch of eggs, a process which leads to a 
substantial increase in the volume occupied by the ovaries. 
This circumstance characterizes a mid-point in blood 

digestion and ovarian development; and the female An. 
gambiae complex mosquito is said to be half gravid. After 
the digestion of all blood, the abdomen becomes dilated and 
whitish resulting in fully developed eggs. In this situation, 
the female is said to be gravid and she starts searching for 
suitable oviposition site to lay her eggs [46].

After locating appropriate oviposition site, An. 
gambiae complex deposit their eggs throughout the night, 
approximately two days after a blood meal [34]. However, 
according to Chambers and Klowden [29] in laboratory the 
result in which two-thirds of the females deposited all their 
eggs over two consecutive nights was observed. In addition 
to laying on the water surface, though it is for unknown 
reasons, eggs can be laid singly on mud and even on moist 
sand and are found to be dispersed over several habitats. 

Several studies indicated that based on the number of 
developing eggs in wild-caught females, an average of 150 
eggs per female was recorded and it ranges from 66 to 275 
[47]. Moreover, female An. gambiae complex mosquitoes can 
lay up to 200 eggs at any one oviposition period necessarily 
on surface of water. Though environmental temperature and 
factors like food are assumed as a reason for this fi gure, the 
appropriate suggestion is not well known.

Though as soon the laid eggs are white, most of them 
normally darken and harden (blackish) within a few 
hours (Figure 6). The rate at which they change color and 
harden depends on temperature. Anopheles eggs that fail 
to melanize or sink do not hatch [11]. This point also helps 
the vector control strategy by understanding the biological 
or environmental facts that aff ect melanization. Therefore, 

Figure 5 Abdomen appearance of a female An. gambiae mosquito at 
different stages of blood-meal digestion; a) Empty, b) fed, c,d) half gravid, 
e) gravid.

Figure 6 Anopheles eggs darkening at 20 min intervals (top left to bottom right) beginning approximately 15 m after oviposition. 30 hours post deposition eggs 
with clear fl oats on sides of eggs and the non-melanized egg at the center (bottom right panel).
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this paper recommends advanced studies on those factors 
that may interrupt the life cycle of the vector.

Finally, understanding and characterization of 
biological or environmental factors enforcing female An. 
gambiae complex mosquitoes to choose some oviposition 
sites than other is a cornerstone for the application of 
the environmentally friend and ecologically sound novel 
integrated malaria vector control options including 
environmental management and biological control. Thus, 
this review appreciates the usual eff orts of researchers and 
recommends further study in this area.

Factors affecting length of gonotrophic period in 
Anopheles gambiae complex mosquitoes

The gonotrophic period is the time between two 
successive blood feeding and ovipositions. The length of 
gonotrophic cycle lasts about 2-4 days for An. gambiae 
s.l. [34], but it depends on factors such as breeding site 
availability, number of previous gonotrophic cycles and 
temperature [15,16]. In the fi eld only a small percentage of 
female An. gambiae complex mosquitoes survive for more 
than three or four gonotrophic cycles [47] even though a 
small percentage was found to survive for about ten cycles. 
Both An. arabiensis and An. gambiae sinsu stircto can survive 
approximately up to a month, whereby the latter relatively 
can survive longer that directly aff ect the length of their 
gonotrophic period. 

According to several studies the length of the gonotrophic 
period is strongly temperature dependent [16]. The speed of 
blood-meal digestion in An. gambiae complex mosquitoes’ 
mid gut depends on environmental temperature. In An. 
gambiae complex and other most tropical and sub-tropical 
species it takes only 2-3 days, but in other temperate 
countries blood digestion may take as long as 7-14 days. For 
instance, under warmer conditions, at which the average 
day and night temperature above 23°C, the gonotrophic cycle 
takes 2-3 days resulting in a high frequency of blood feeding, 
which means Anopheles females search for a suitable source 
of blood every second to third night. However, under cooler 
conditions (15-20°C) in which blood feeding might occur 
only once every 6-13 days. 

Female An. arabiensis oviposites in breeding sites near 
cattle than An. gambiae s.s. which suggested that species 
distribution may be explained to a large extent by the 
presence of suitable hosts in addition to breeding site 
availability. The distance between oviposition site and host 
habitation or resting site may aff ect the oviposition choice. 
For instance, Minakawa, et al. [48] showed as An. gambiae 
s.s. would lay their eggs in breeding sites closer to human 
habitation and further away from cattle sheds. An. gambiae 
complex mosquitoes prefer moist substrates than dry ones. 
Moreover, though according to some studies turbid water 
is preferred over clear water, but Munga, et al. [49] found 
that An. gambiae s.s. preferred clear water than turbid water 

bodies. Volatile compounds that are produced by microbial 
populations in the breeding site may also play an important 
role in habitat selection [50]. For instance, chlorophyll a 
content in the breeding site or the presence of other larvae 
or aquatic predators may enforce the gravid mosquitoes to 
select one breeding site over the other [49]. 

Gonotrophic cycle and parity 

Gonotrophic cycle is used to determine the age structure 
of female Anopheles mosquito population followed by 
ascertaining of the net productivity of a colony [25,51]. 
This process is accomplished by determination of parity in 
which parous female Anopheles mosquitoes are those which 
have taken a blood meal and oviposited at least once. But 
nulliparous mosquitoes have never oviposited in their life. 
Determining the number of parous individuals by dissecting 
several females within the population leads to fi gure out net 
reproduction rate of a colony [52].

According to Detinova [47], as embryos develop 
within the ovaries they stretch the ovariole sheath; next 
to oviposition, these sacs which contain remnants from 
oogenesis shrink and develop into permanent dilatations. 
After each subsequent feeding and oviposition, a new embryo 
will form anterior to the previous dilatation. Accordingly, a 
female Anopheles mosquito with three dilatations would be 
said “3 parous” that easily help to estimate mosquito age 
[25].

Examining the tracheoles within the ovaries is another 
technique for determining parity [47]. After the primary 
blood meal, the ovaries expand and the tracheoles are 
permanently distended. As a result, parous females will have 
distended tracheoles, but nulliparous females’ tracheoles 
are tightly wound coils called ‘skeins.’ According to Hoc and 
Wilkes [52] in younger females both skeins and ‘extended’ 
tracheoles may be observed; but the female is said to be 
parous and has fed and laid eggs at least one time if any 
distended tracheoles are present.

Signi icance of mating behavior and gonotrophic 
cycle of Anopheles gambiae complex for malaria 
vectors control and vectors competence 

Prior to mating, mature male An. gambiae complex 
mosquitoes will form a swarm [36]. It is assumed that 
distinct features in the landscape combined with visual 
inputs (light contrasts) serve to detect so called swarm 
markers that are used to keep the swarm stationary [27]. 
Some markers are visited regularly which give hint for 
vector control programmer to spray outdoor insecticide 
for reduction of population growth and vector competence, 
while other swarm markers may be visited only once. 

Female An. gambiae complex mosquitoes mating status 
could cause impacts on host seeking behavior with unmated 
less likely to seek blood meal [28]. Furthermore, nutritional 
status of male with which the female mated infl uences host 
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seeking behavior in which poor nutrition of male result in 
more host seeking [53]. These factors potentially contribute 
to multiple blood meals per gonotrophic cycle, increasing 
the potential for malaria transmission.

Due to global burden of malaria, drug resistance and 
insecticide resistance strains, alternative approaches to the 
use of chemical insecticides are urgently needed to control 
vector populations. Malaria control strategies by genetically 
modifi ed mosquitoes are aimed by aff ecting Anopheles 
fertility through the release of sterile males to reduce 
natural population size [28]. These releases of sterile males 
are being promoted to reduce the size of fi eld mosquito 
population. Under natural condition, male An. gambiae 
complex mosquitoes mate successfully with several wild 
females. However, female An. gambiae complex mate only 
once [38,40]. This polygamous behavior of male advocates 
the eff ectiveness of the genetically modifi ed and released 
sterile male mosquitoes by impacting colony size and their 
perpetuation of life since the females are monogamous. 

The mate complexity between two sympatric siblings 
of An. gambiae complex mosquitoes is rare and result in 
male sterility [4,8]. Yet, post-mating isolating mechanisms 
are incomplete resulting in sterile male, because F1 hybrid 
females are fertile and potentially make possible interspecifi c 
gene exchange [22]. Therefore, such hybridizations lead to 
formation of new insecticide resistant fertile female with 
diff erent genetic makeup that may lead to eff ectiveness of 
mosquito vector competence.

After mating, females An. gambiae complex experience 
signifi cant behavioral changes including the stimulation 
of oviposition and a drastic reduction in their receptivity 
to further insemination [28]. The two major post-mating 
behaviors in Anopheles females, the stimulation of 
oviposition in blood-fed mosquitoes and the induction of 
refractoriness to further mating and insemination are likely 
to be produced by factors transferred with seminal fl uids by 
the male. Thus, they mate only once in their lifetime [38,40]. 
Thus, on the other hand, An. gambiae complex males are 
good targets for genetic mosquito control option by Sterile 
Insect Technique (SIT). Other factors aff ecting the vector 
competence of An. gambiae complex is their gonotrophic 
cycle which includes blood feeding, blood digestion, egg 
development and oviposition. Female An. gambiae complex 
mosquitoes visit when their hosts are most quiescent and 
least able to defend themselves from bites. This feeding 
time and behavior signifi cantly enables female An. gambiae 
complex mosquitoes’ vector competence to be at the top 
of the medically important insect vectors. Moreover, the 
opportunistic feeding behavior female An. arabiensis also 
enhance vector competence of those major afro-tropical 
malaria vectors.

After searching and feeding, blood digestion will start 
rapidly and completed within 2-3 days depending on 

temperature [11]. Thus, in optimal temperature of about 25-
30co the digestion will be completed within short period of 
time which shortens the gonotrophic period. The shortening 
of gonotrophic period increases frequency of host seeking 
and blood feeding which simultaneously increases malaria 
transmission intensity in a community [51]. Generally, 
environmental factors including temperature, rainfall, and 
altitude aff ect the length of gonotrophic period signifi cantly 
increasing vector fecundity, lifespan, multiplication. 
Therefore, the vector competence of female An. gambiae 
complex mosquitoes is high as they come from higher 
altitude to lower altitude.

Insecticide status of Anopheles gambiae  complex

Chemical insecticides are playing an essential role 
for pest control in agriculture and vector control in public 
health sectors [54]. However, due to extensive and miss 
use of insecticides, various agro-ecosystems became a 
reason for insecticide resistance development in medically 
important insects such as malaria vector mosquitoes greater 
than before [55]. Malaria control measures are still getting 
diffi  culty due to insecticide resistance developments in 
Anopheles gambiae complex because of repeated insecticide-
insect contacts in agricultural areas. Hence, an existence of 
insecticide resistant strains associated with agricultural 
practices may aff ect the eff ectiveness of malaria vector 
control strategies. 

Malaria vectors may become resistant to insecticides 
by either one or multiple mechanisms. Insecticide 
resistance mechanisms in malaria vectors include target 
site modifi cation, behavioral changes and alterations of 
integuments [56]. 

AVAILABILITY OF DATA AND MATERIALS 
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